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ABSTRACT 
vii 
The mass loadings of pollutants common in surface waters 
resu1 t from the discharges of many different sources. In the 1 ast 
few years it has been noted that nonpoint sources contribute more 
pollutants than po1nt sources. This is bccaus~ in many ca:;es the 
point source dischar~ges have been, by law, reduced drastically. 
~n the State of Florida many water qual1ty parameters were 
examined to estimate the mass loadings 1n streams related to, 
dr'ainage ar·ea, avej"~ge flo\·J, land use, soil type and management 
practices._ A total of sixteen strP-ams were examined. 
The information was first calculated for mass loadings a$ a 
function of str·eam flow. Next the slopes and intercepts \'lere 
related to dr·ainage area. Both steps \-Jere accomplished using 
l>i- va r~i ate regression analysis. 
The final results show a relationship of Total Organic 
Carbon, Orthophosphate, Total Phosphate and Nitrate to drainage 
area and stream flow. However, the final results of this study 
when related to another stu<;fy in Florida showed different mass 
loading rates for· TOC and TP. The differences were attributed to 
background l~vels bf pollutants, ~ocal geology, hydrologic 
viii 
var·i abi 1 ity and management practices. ) _ 
/ / I 
/ 7J:~CJ;;;0 ~hldJ J __ 
. Martin P. Han i e 1 is ta:P--:-r.----
Director of Research Report 
CHAPTER 1 
INTRODUCTION AND OBJECTIVES 
Introduction 
1 
Nonpoi nt sources are known to cause adverse qua 1 i ty effect.; 
in Florida ·streams. Wanielista, et. al., (1) have documented 
these effects in Florida. Until a few years ago, only point 
sources were treated, in the belief that this was all that was 
necessat'\y to have acceptab 1 e stream qua 1 i ty. A greater quantity 
of research is now being conducted to determine the extent of 
these effects and to develop mathematical models to predict cause 
and effects relatipnships. Predictive mathematical models for 
mass loadings are beneficial if related to easily measured physical 
1and featurers and hydrologic data. Mass loadings of organic and 
inorganic compounds have contributed to the eutrophication process 
in Florida lakes. 
A methodology to estimate the mass loadings in streams 
related to average stream flow and drainage area was developed in 
this report, following similar procedures published by Wanielista, 
et. ale, (1), Huber (2} and Meinholz (3). However, this report 
used de ta from severa 1 streams in the State of Florida, to determine 
mas.s 1 oadi ngs of se 1 ected water qua 1 i ty parameters. 
2 
Objectives 
There are two major objectives for this report. First, by 
th~ use of stream flow and water quality data, from the Geological 
Sur·vey, (4,5,6), mass loadings as a function of flow rates are 
determined. To accomplish this a bi-variate regression analysis 
for Orthophosphate, Total Phosphate, Nitrate, Total firganic Carbon 
and Turbidity as a ·funct i en of stream fl 0\'1 is performed on a 
number of selected streams in the State of Florida. The correla-
tion coeffi cant ( r) for each stream is checkert to r:ietenni ne 
::significance at the 0.01 le.vel of prob.abilit.v, in this wav 
· the degree of accuracy can be dett-~r'nti ned. 
The second objective is to develop mathematical relationships 
and simplified charts to relate yearly average stream flow and 
drainage area to yearly mass loadings for the selected water 
quality parameters. 
3 
CHAPTER II 
LITERATURE REVIEW 
Nonpdint Problem 
(' In 1972, the U. S. Congress recognized nonpoint water 
l pollution as a major problem. In the Federal Water Pollution 
Contra 1 Act Amendments of 1972, ( 7) ~ 11 Congress decreed that 
specified nonpoint sources of pollution shall be characterized 
and plans formulated for improvement of pollution originating 
from them. 11 
There are three sources of nonpoint problems; \'/astewater 
disposal practices; undi~turbed natural cycles and p_hysical 
occupancy and development of land area by man. 
Thab~raj (8) estimates the contribution of Nitrogen and 
Phosphorus, by stor~~ater to receiving waters, is normally less 
than 10%, than the Total Nitrogen and Phosphorus available annually. 
However, when rainfall is heavy enough to cause overland runoff, 
this nonpoint source dominates over all other point sources for 
Nitrogen and Phosphorus. 
On Lake Tahoe, Dugan and McGauhey (9), conducted a study 
\'/here \'Jas tewa ter effluent is forbidden by regulation to be 
discharged into Lake Tahoe or the rivers going to the lake. It 
was found that eutrophication characteristics of Lake Ta.hoe, 
\\'ould not return to the natural wilderness condition that the , ~ -
4 
had before urban deve 1 opment a round it tcot< p 1 ace. The urban 
developments, around the Lake, are SLill affecting Lake Tahor~- even 
though point sourca eff~uent discharge is forbidden 
Studies in Nu~"th Carolind, on urban r·unoff by the U.S. 
Environmental Protection f\gency (10)) indicate noupoint source 
effects are nearly equal to point sv~.H"ce offect$. 
The U. S. Co unci 1 on En vi ronmenta ·1 Qua 1 i ty ( 1·1), in ! 972, 
stated. that about eighty percent of all downstream 'tlater quality, 
from urban areas, was controlled by nonpoint sources. 
From Field and Knowles (12) and also Wanielista, et. al., (1), 
there are several parameters that must be examined for 
nonpoint evaluation. 
A. Topography 
1. Sand, clay, alkaline material, peat and 
muck soil types. 
2. Permeability of each soil type. 
3. Amount of moisture in the soil type. 
4. Chemical related na.ture of each soil type. 
5. Slope of the land. 
6. Natural storage areas of the land. 
7. Amount of mo·isture the ground cover can hold. 
B. Kind of ground cover. 
9. Area of the drainage basin. 
10. Proximity of the near·est water body. 
·~ , 
B. Land Management 
1. Highways 
a) !Jeicing \t1ith salts. 
b) Gasoline and oil spills. 
c) ~ehicuiar emissions. 
l.. Urban · 
~) Con~truction practices. 
~: Street sweeping. 
c) Number of people per square mile. 
3. Rura 1 
a) Unprotected croplands. 
5 
b) Chemical fet"tilizers, using nitrogen 
and phosphorus. 
c) Pesticide usage. 
d) Type and population of animals. 
c) Intensity of crop production. 
f) Abatement practices. 
g) leaching from leaves. 
C. Quality 
1. Background levels in the streams. 
2. Organic materials, D ~·~ B.O.o.5, nutrients, 
suspended s'1ids and sediments 1n the stream. 
D. Meteorological 
1. Fallout from air pollution. 
2. Rain wate~ sweeping particul.te reatte , 
6 
gasses and odors out of the 3ir 
3. Frequency of th~ storm. 
4. Quantity of rainfall. 
5. Intensity of the rainfall. 
6. Duration of · the storm. 
• 
7. Wind speed and direction~ 
. 
. 8. Temperature of the rainfall. 
9. Humidity of the air. 
10. Evapotranspiration potentials of the air. 
As it can be noted there are many parameters to be considered 
~hen evaluating nonpoint sources. 
In a study of agricultural land runoff, Harms, et. al., (13), 
gave loading rates related to rural conditions as s~en in Table 1. 
This data should only be used for planning situations, because 
much vat"iation exist in this type of data. 
TABLE 1 
lOADING RATE COMPARISONS FROM RURAL AREAS 
(kg/ha/yr) 
Harms ( 13) 
I 
Parameter Cultivated ,_ Pasture I 
ss 286 
--r----
11. 8 
COD 48 I 28.0 
N03-N .37 0.40 
TKN-N .91 0.25 
I 
-- ------·----· 
Grass 
4.0 
13.4 
0.24 
0.10 
7 
The U. S. Department of Agriculture, { 14), has estimated 
that nearly four billion tons of sediment are \-lashed into the 
United States streams each yeal... With this sediment is a host of 
organic materials that causes a significant impact on the 
disso·lved oxygen in the streams. In addition, Phosphorus is also 
attached to the soil particles. Phosphorus is related to 
eutrophication in lakes. 
Selected Water Quality Parameters 
There were five water qual·ity parameters chosen for this 
report; Nitrate, Total Phosphorus, Orthophosphate, Total Organic 
Carbon and Turbidity. N03, TP and OP are related to eutrophication. 
Turbidity is an indicator of \•later qua 1 i ty.. F• .. orn Sa\'Jyer and 
McCarty (15), organic carbon comes from three sources; nature, 
rnan-made systems and rni c root .. gani sms acting upon organic rna tter. 
Because TOC is related to both point and nonpoint sources, it is an 
i ndi cater· of the rei at i ve pollution mcgni tude. 
Ra.i nfall 
Neb a'! s i r.e and Vercf: 11 i { 16), be 1 i eve that the frequency, 
dur·at·ion, intensity, pattern and amount .of prec1pitation is so 
variable that every storm that causes any. r~noff wi 11 · never 
happen exactly in the same way again. 
Whipple~ et. al., (17}, estimated that half of the pollution 
in the three New Jersey river basins. \vere re 1 a ted to ra i nfa 11. 
8 
Management and Land Uses 
In Nebraska studies by Muir {18), revealed little 
relations~ip between Nitrogen and Phosphorus levels in the water 
compared to the use of fertilizers for agriculture. It appeared 
that the amounts of N and P in stream waters were controlled 
by human and 1 i vestock densities or by i rri.gati on systems . 
. 
Thomas and Crutchfield (19}, working with small agricultural 
. . 
watersheds in Kentucky. attempted to find a correlation between 
land use and geology for ·No3-N and Phosphorus. They cou'ld find 
l·ittle reiationship for Nitrate. However, the Phoc;phorus was 
closely related to local geology, but not to land uses. 
Hanway and La fl en ( 20} , conducted a three year· study in 
Iowa, for Phosphorus and Nitrogen. Their results sho'IJed no 
relationship between the amounts of fertilizer· applied to the 
land and the amount of P and N being removed from the soil by 
runoff, plant uptake, etc. 
Kluessener and lee (21), estimated that 80% of the Total 
Phosphorus and 40% of the Total Nitrogen going into Lake Wingra, 
Wisconsin, came from urban runoff. 
For a study in the State of Florid$1, \~anielista, et. al., (1}, 
in their a.nalys.is reported that loading=> rdtes \'Jere variable for 
different land uses, see Table 2. 
TABLE 2 
LOADING R~TES AND LAND USE 
( kg/ha/yr) 
Wanielista, et. al., (1) 
roo;=· Suspended Solids -Land~ 
Pasture 
T Range 53-82 728-4794 I Average 75 1700 
Range 6-17 11.8-840 
J Average 11 840* 
Cultivated Range 4-31 286-4200 
Average 18 4200* . 
Range 4-7 45-132 I 
Average 5 98 ' 
Woodland 
I 
--L-- I 
-
-
9 
Total 
Nitrogen 
3. 2-18 
8.5 
2.5-8.5 
5.3 
15.0-37.0 
26.0 
2. 4-5. 1 
3.1 I 
*Extr·eme value or worst case was picked because only 2 
values were available. 
Phos 
1. 0-
2. 
.24-
.3 
. 18-
1 & 
. 01-
. 
5.0 
0 
.66 
0 
1. 62 
05 
• 86 
10 
It seems that there are differences of opinions on ooint 
and nonpo i nt source effects. fvlas s 1 oa di rags are caused by many 
· different factors. From past work, a corre lat i OP c1r. 110t be 
der·ived among different soils, ~~ainfall parameters, animal ar·d 
human population, land use, topography and ma.1agefller.t practices. 
There are a mu~Litude of computer programs to aid in 
. 
m.3nagement practices. On 1 y three mode 1 s wi 11 be d~ scussed 
in this report. The reason fot-- covernge is that compu · ~ . :ir·'U · i t n 
can be ao important tool in the detennination of design cri . ri ~ 
fo.r a drainage area. 
10 
1. Huber (2) discussed the program 11 STORN". This 
is a computer model developed for Sar Francisco to estimat~ th~ 
quality and-quantity of urban runoff and overflow. In this way 
the city could determine the amount of stormwater storage necessary 
and the degree of treatment for a set water quality standard. 
2 . 11 S l~MM 11 i s summa ri zed by t·1e i n ho 1 z ( 3) . T hi s i s · 
a computer model for ur·ban quality and quantity from stormwater 
runoff. This progra~ is only as good as the input data. 
3. Wanielista, et. al., (1) developed 11 NONPT 11 • This 
is a computer model for all land uses, which gives quality and 
quantity. They also stated that STORM did not have transport 
mechanisms in the program, which made it hard to relate the 
information to a real basin. SWMM required ver~ extensive input 
data, to produce a planning model. NONPT requires very limited 
data to produce a workable preliminary design. 
All the above computer models require loading rate pollutant 
data or relationships among flo\~ rate and pollutant loadings. 
This report aids in determining additional relationships among 
flow rates and pollutant data. 
11 
CHAPTER III 
SAf4PLING DATA 
Selected Water Quality Parameters 
The first objective was to determine relationships of 
certain water quality parameters to stream flow in the State of 
Florida. The parameters 'were: Nitrate (N03}, Orthophosphate (OP}, 
T~tal Phosphate (TP), Total Organic Carbon (TOC) and Turbidity 
mass loadings. These five water quality parameters were chosen 
because changes in any one of them could effect the lake and 
stream ecology. 
Stream Determination 
The next step was to determine which streams to use for the 
report. There were several factors that were considered in 
picking a point in a river to be used. 
1. Data available 
a) Flow in cubic feet per second (CFS) 
b) Turbidity, N03, OP, TP, and TOC data 
2. Land uses 
3. Soi 1 types 
4. Drainage area size 
5. Problems in the area 
6. Rainfall differences 
12 
7. Datum of the gage height 
8. Per·iod of time to be used 
9. r"anagement practices 
The majority of the data available was from 1972 thru 1974. 
Because of the increased growth in the last decade in the Stdte of 
Flor·ida, it was felt that the shor·ter the data time period the more 
acr.urate it would be. 
Geological Survey, {4,5,6}, supplied all the flow rates, 
selected water quaiity parameters data, drainage area size, rainfall 
differences and datum of the gage heights. Wanielista, et. al., 
(22) supplied information on land use, soil types and problems 
in the area. 
r~ore details on each of the selecti011 features are: 
1. Available data on stream flow and selected 
water quality paraT.eters were found to be 
not as extensive as at first tho•.Jght. For 
this reason some selected rivers had only a 
few points .. 
2. It was attempted to pic~· $ irr:i 1 a r . land 
use variables. In this way a correlation 
could be found using all data. In the 
. 
State of Florida, the majority of highly 
urban areas, with stream fl O\·ls through them, 
are near the coast line. Because of this, 
most of the rivers, near the urban areast 
13 
are near, at, Ot" bel O\'J sea level. Because 
of this no data ft"om coasta 1 areas could 
be used, from the fact that the estuary \'loul d 
drastically effect the data. The di ffet"ences 
in land uses are: 
a. Urban 0.8 - 18.8% of the land use 
L>. Woodlands 25.2- 91.1% of the land use 
c. Cultivated 1.3- 21.8% of the land use 
d. Pasture 6.4 - 65.8% of the land use 
The larger percentage~ were associated with the 
sma 1-; er has i r.~. This ·is presented in Tab 1 e 3. 
3. Soil typ~s were fairly different. However, they 
were typical for the State of Floridil. vJithout 
very extensiVP, examination of the varying soil 
types and their- ·efft:cts on runof~, no assumptions 
for a ~rainaye area besides lumping all the 
soils together can be done. 
4. The drainage area size varied from 75 square 
miles to 7,740 square miles. 
5. In general, the selected rivers had as few 
as possible problems~ such as, unusual land 
uses, mining, agr·i cul tura 1 feed 1 ots, dairy 
activities, etc .. In this \'Jay it is expec .. ~ d 
that the problems do not ~ffect the overal 'f 
wate r aua1ity in the river. 
14 
6. The rainfall differed from 53.7 inches to 
58.6 inches per year. The aniDunt that the 
rainfall varies and the number of storms that 
caused overland flow, must be ~onsidered 
together. 
7. Datum of the gaqc was always above sea levet. 
In this way there \'/ere no prob1ei·ns rel.:tted 
to estuaries. 
8. Data from a short period of time was used to 
eliminate trends. 
9. Management practices undoubtedly varied 
throughout each drainage basin. Because of 
this, all management practices, for ~11 land 
uses, was considered to be the same. 
Drainage area and stream flow values ar'e available and \'Jill 
be used to develop the objecti'ves of the research. A great deal 
more detailed information on drainage a}·eas, soil types, land 
uses and management practices, would be needed to document loading 
rates as a function of soil types, land use and management 
practices. 
Table 3 list the sixteen rivers that were used. The Table 
also has datum gage height, rainfall, drainage area from the 
Geo 1 og·i ca 1 Survey ( 4,5 ,6). Soi 1 types, 1 and uses, and water 
quality related problems are presente~ ~n Table 3 and were 
reported by Wanielist~, et. a1. {22). 
TABLE 3 
STREAM INFORMATION 
15 
#1. U. S. Geological Survey No. U.S.G.S. 09G-02-313000 
Fla. Sector 23.1AA Withlacoochee River near Holder, FL 
. 
Drainage area: 1,825 sq. miles Datum of gage: 27.52'MSL 
Soil: acid sands, alkaline material 
Land Use: 46.6 Woodlands, 44.7 Pastures, 4.6 Cultivated, 
4.3 Urban 
Problems: 24 miles upstream septic tank effluent, 
affecting Lake Panasoffkee 
Rainfall: 53.2 in/yr 
Accuracy of Data: 1972-1974 Good 
#2. U. S. Geological Survey No. U.S.G.S. 09J-02-3205CO 
Fla. Sector 21.2BA Suwannee River at Branford 
Drainage area: 7,740 sq. miles Datum of gage: 4.8l'MSL 
Soil: Well drained acid sand, patches of alkaline material, 
freshwater swamps following river bed. 
Land Use: 33~2 Woodlands, .43.7 Pastures, 21.8 Cultivated, 
1.3 Urban 
Problems: None 
Rainfall: 52.7 in/yr 
Accur~cy of Data: 1972-1974 Good 
#3. U. S. Geological Survey No. U.S.G.S. 09J-02-321500 
Fla. Sector 22.1AA Santa Fe River at Worthington Springs 
Drainage area: 582 sq. miles · Datum of gage: 42.7'MSL 
Soil: Mod. drained thick acid sand and alkaline material 
Land Use: 43.1 Woodlands, 38.3 Pastures, 15.5 Cultivated, 
6.0 Urban 
Problems: None 
Rainfall: 52.7 in/yr 
Accuracy of Data: 1972-1974 Good 
#4. U. S. Geological Survey No. U.S.G.S. llC-02-329000 
Fla. Sector 22.2AA Ochlockones River near Havana 
Drainage area: 1,140 sq. miles Datum of gage: 59.36'MSL 
Soil: Acid sand to sand loams, fine-subsoil, good drainage 
Land Use: 77.7 Woodlands, 15.7 Pastures, 5.4 Cultivated, 
1.2 Urban 
Problems: None Rainfall: 58.6 in/yr 
Accuracy of Data: 1972-1974 Good 
16 
TABLE 3--Continued 
#5. U. S. Geological Survey No. U.S.G.S. llF-02-359000 
Fla. Sector 31.2AA Chipola River near Altha 
Drainage area: 781 sq. miles Datum of gage: 19.95'MSL 
Soil: Drained thick acid, finer-text. sub. soils, 
Fresh water swamp following river bed 
Land Use: 57.6 Woodlands, 27.0 Pastures, 14.0 Cultivated, 
1. 4 Urban 
Problems: None 
Rainfall: 58.6 in/yr 
Accuracy of Data: 1972-1974 Good 
#6. U. S. Geological Survey No. U.S .G.S. 09E··02-231600 
Fla. Sector 20.1JA Jane Green Creek near Deer Park 
Dl"a i nage area: 248 sq. mi 1 es Datum of gage: 18.05' MSL 
Soil: Poorly drained thick acid with org. pans. 
Land Use: 25.2 Woodlands, 65.8 Pastures, 8.1 Cul~ivated, 
0.8 Urban 
Problems: None 
Rainfall: 53.8 in/yr 
Accuracy of Data: 1972-1974 Poor 
#7. U. S. Geological Survey No. U.S.G.S. lOD-02-296750 
Fla. Sector 25.2AA Peace River at Arcadia 
Drainftge area: 1,367 sq. miles Datum of gage: 6'MSL 
Soil: Poor· drained, thick acid, org. pan, fresh water 
swamp . 
Land Use: 65.2 Woodlands, 24.7 Pastures, 6.0 Cultivated, 
4.0 Urban 
Problems: None 
Rainfall: 53.6 in/yr 
Accuracy of Data: 1972-1974 Good 
#8. U. S. Geological Survey No. U.S.G.S. 09J-02-319000 
Fla. Sector' 21.1 AA Hi th 1 acoochee· River near Pi nett a 
Drainage area: 2,120 sq. miles Datum of gage: "47.2'MSL 
Soil: Thick acid sand, org. pan 
Land Use: 63.0 Woodlands, 29.1 Pastures, 9.9 Cultivated, 
2.0 Urban 
Prob 1 ems: None 
Rainfdll: 52.7 in/yr 
Accuracv of Data: 1972- Good; 1973-1974 Good above 500 cfs 
., 
Fair below 500 cfs 
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TABLE 3--Continued 
#9. U. S. Geological Survey No. U.S.G.S. 12A-02-365500 
Fla. Sector 32.2AA Choctawhatchee River at Carryville 
Drainage area: 3,499 sq. miles Datum of gage: 39.02'MSL 
Soil: Fine text sub., poor drained acid sand, organic 
pan, fresh water swamp following river bed. 
Land Use: 48.2 Woodlands, 38.4 Pastures, 12.5 Cultivated, 
1. 0 Urban · 
Prob 1 ems: None 
Rainfall: 58.6 in/yr 
Accuracy of Data: 1972 - Good; 1973 - Fair; 1974 - Good 
#10. U. S. Geological Survey No. U.S.G.S. 12C-02-368000 
Fla. Sector 33.4AA Yellow River at Milligan 
, Drainage area: 624 sq. miles Datum of gage: 45.00'MSL 
Soil: Poor drained acid, org. pan, fresh water swamp 
Land Use: 80:3 Woodlands, 11.6 Pastures, 5.7 Cultivated, 
2.3 Urban 
Problems: None 
R~infall: 58.6 in/yr 
Accul--acy of Data: 1972 - 1974 Good 
#11. U. S. ·Geological Survey No. U.S.G.S. 12E-02-375500 
Fla. Sector 33.2CA Escambia Rive~ near Century 
Drai n.age area: 3,817 sq. mi 1 es Datum of gage: 28. 34' MSL 
Soil: Poor drained, sandly loam, finer texture acid sub., 
fresh water swamp following river bed 
Land Use: 66.0 Woodlands, 17.2 Pastures, 15.3 Cultivated, 
1 . 5 Urban 
Problems: None 
Rainfall: 58.6 in/yr 
Accuracy of Data: 1972 - 1974 Good 
#12. U. S. Geological Survey No. U.S.G.S. 09C-02-231000 
Fla. Sector 19.1BA St. Marys River near Macclenny 
Drainage area: 700 sq. miles Datum of gage: 12.19'MSL 
Soil: Poor drained, sand, finer acid subsoil 
Land Use: 91.1 Woodlands, 6.4 Pastures, 1.3 Cultivated, 
1.3 Urban 
Problems: Leakage from Glen Refuse 
Rainfall: 52.7 in/yr 
Accuracy of Data: 1972 - 1974 Fair 
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TABLE 3--Continued 
#13. U. S. Geological Survey No. U.S.G.S. 09E-02-233500 
Fla. Sector 20.1GA Econlocklatchee River near Chulusten 
Drainage area: 241 sq. miles Datum of gage: 2.14 1 MSL 
Soil: Poor drained acid, org. pan 
Land Use: 51.0 Woodlands, 34.0 Pastures, 7.3 Cultivated, 
7.7 Urban 
Problems: Various runoff effecting river and 
construction nearby 
Rainfall: 53.2 in/yr 
Accuracy of Data: 1972 - 1974 Good 
#14. U. S. Geological Survey No. U.S.G.S. 09£-02-238500 
Fla. Sector 20.2AA Oklawaha River of Moss Bluff 
Drainage area: 879 sq. miles Datum of gage: gate control 
Soil: Peat and muck 
Land Use: 77.3 Woodlands, 10.5 Pastures, 4.1 Cultivated, 
3.8 Urban 
Problems: None 
Rainfall: 53.2 in/yr 
Accuracy of Data: 1972 - 1974 Fair 
#15. U. S. · Geological Survey No. U.S.G.S. 108-02-256500 
Fl~. Sector 26.1HA Fisheating Creek at Palmdale 
Drainage area: 311 sq. miles Datum of gage: 27.19 1 MSL 
Soil: Poor drained, thick acid sand, org. pan, fresh 
water swamp following river bed 
Land Use: 40.6 Woodlands, 55.4 Pastures, 2.7 Cultivated, 
1.1 Urban 
Problems: None 
Rainfall: 53.6 in/yr 
Accuracy of Data: 1972 - 1974 Good 
#16. U. S. Geological Survey No. U.S.G.S. 108-02-266300 
Fla. Sector 26.1AA Reedy Creek near Vineland 
Drainage area: 75 sq. miles Datum of gage: 66.37'MSL 
Soil: Poor drained acid sand, org. pan 
Land Use: 53.9 Woodlands, 13.9 Pastures, 13.3 Cultivated, 
· · 18.8 Urban 
Problems: Stream degraded by urban run-off 
Rainfall: 53.4 in/yr 
Accuracy of Data: 1972 - 1974 Good 
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Table 4 presents characteristics of all watersheds ~hawing: 
stream flow, drainage area, 1and use dnd soil type. 
The flow data from each river, over the past three year 
period was reported on a daily basis. The wttte." quality data, as 
shown on Table 5, was not of a continuous nature. 
P.s an example, Table 5 iists the data takan for .. Withl;"t~oochr:.c 
·River near Holder, Florida, from the Geological Survey (4,5,6). 
Table Q gives the mass loadings per day of the data from Table 5. 
This was done using: 
({Xlmg/l}(X2)(5.39 lbs/day-mg/1)} = lbs/day 
where: 
X1 = concentration in mg/1 of the selected water 
quality paramters, except turbidity. 
x2 = flow in cfs of the stream. 
(lft3/sec)(86400sec/day)(7.48lgal/ft3)(MG/106ga1) · 
5.39 lps/day-mg/1 
The accuracy of the data varied from good to poor, as reported 
by the Geological Survey (4,5,6). 
As stated before, the number of selected rivers was far less 
than what was desired. In addition, the accuracy of the data 
leaves much to be desired. 
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July 16, 74 
May 14, 74 
Mar.l8, 74 
Jan.l5, 74 
Nov. 13, 73 
Sept.18, 73 
July 18, 73 
May 21, 73 
Mar.l4, 73 
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Aug.29, 72 
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May 16, 72 
Mar. 14, 72 
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TABLE 5 
SELECTED WATER QUALITY PARAMETERS FOR 
WITHLACOOCHEE RIVER NEAR HOLDER, FL. 
IF1ow OP TP Turb. 
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TOC 
cfs N07 ffi]l rrg I 1 mg/1 St. unit mg/1 
1900 .08 .06 .08 2 20. 
1540 ~03 .05 . 10 3 14. 
315 .02 .02 .03 .. 1 4.0 
437 .04 . 01 .02 4 3.0 
662 .08 .02 . 03 2 11 . 
587 . 10 .02 .02 I 2 13. 11120 .02 .02 . 02 2 6 • I I 633 .02 .00 .03 I 2 4. I 55o . 01 .02 .02 3 1 1 . 815 . 06 . 02 .02 3 l 0. 
1 775 .05 .01 . 01 2 3 • I 451 I . o8 . 01 .02 1 8. 
608 .08 . 01 .03 1 .0 
630 .08 . 01 .02 1 .0 
538 .05 I .02 . 04 1 9 . I 
6 88 I • 0 7 I . 01 I . 0 2 1 8. 
648 ~.01 .02 5 9. 593 .09 .01 .02 3 4. 7~.09 ~ 4 14. 
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TABLE 6 
SELECTED WATER QUALITY PARAMETERS IN LBS/DAY MASS LOADINGS 
FOR WITHLACOOCHEE RIVER NEAR HOLDER, FL. 
- . -
1 bs/day I Turb. 
Date Fl 0\4/ N03 0~ TP TOC St. units ' 
--
Sept.l7, 74 1900 819 614 819 2 204,820 
July 16, 74 1540 249 415 830 3 116,208 
May 14, 74 315 34 34 51 1 6 '791 
Mar.18, 74 437 94 24 47 4 7,066 
Jan.15) 74 652 285 71 107 2 39,250 
Nov. 13, 74 587 3i6 63 63 2 41 '131 
Sept.l8, 73 1120 121 121 121 2 36,221 
·July 18, 73 633 68- 0 102 2 13,647 
May 21 , 73 550 . 20 59 59 3 32,609 
Mar. 14, 73 815 264 88 88 3 43,929 
Jan.l5, 73 775 209 42 42 2 12,512 
Nov. 16, 72 451 194 24 49 1 19,447 
Sept.l9, 72 608 262 I 33 98 1 0 
I Aug.29, 72 630 272 I 34 68 1 0 
July 19, 72 538 145 I 58 ' 116 1 26,098 
May 16, 72 · 688 260 37 74 1 29,667 
t4a r. 14, 72 648 105 35 74 5 33,375 
Jan. 17, 72 593 288 32 64 3 12,285 
Nov.22, 7~ 745 361 40 40 4 56,218 
. 
CHAPTER IV 
BI-VARIATE REGRESSION ANALYSIS 
Use of 11 VREGAN 11 
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The actual execution of the data was accomplished by the use 
of a computer program, used at Florida Technological University, 
called .11 VREGl\N 11 • This program permitted a bi-variate regression 
to be executed on five different types of lines. These five 
1 ines are: 
1 . y = A+ BX 
2. y = A*(e**(B*X)) 
3 .• y = A*(X**B) 
4. y = A + B/X 
5. y = X/(A + BX) 
The information that was printed out for each set of data are: 
1 • A - intercept of the line 
2. B - slope of the line 
3. . uRn = correlation factor 
4. Print out of the data and computed. line 
First Objective 
The fi,.~st objective \'las that selected water quality parameters 
could be used to quantify mass loading as a function of flow rates, 
only using the Geological Survey (4,5,6). 
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Table 7, 8 and 9 present the bi-variate regression analysis 
results for N03, TOC and TP. These tables show the cort·e·lation 
coefficient-of- the line of best fit; Y = A+BX. The correlation 
coefficient (r) was ch~cked to be certain it was significant at 
the 0.01 level of probability." As it can be noted, all (r) values 
fall within a 0.01 level of probability. Of the sixteen streams 
used to develop mass loadings as a function of flow rates, some 
stream data had to be dropped because it was not significant at 
the 0.01 level of probability. Sixteen streams were used for TOC, 
13 fer TP, 11 for OP, 7 for N03 and only 2 for Turbidity. Figures 
1a - ld show the graphs of mass loading as a function of stream 
flow for each of the streams that fell within the 0.01 level of 
p:·obabi1ity for: each of the selected water quality parameters. 
Ho\"ever, Turbidity which only had 2 streams that fe 11 with a 0. 01 
l~vel cf probability, was not included. 
The first objective was completed for TOC, TP, OP and N03. 
Ho~1ever, Turbid·ity could not be used. Also for future use, stream 
number seven, the Peace River at Arcadia, was noted to ha.ve a very 
high TP and op content. The Peace River ·could be rece·iving larger 
than not"ma1 phosphorous mass loads from the phosphate mines up 
stream.. For· this reason the stream was extracted from ilny further 
analysis. Turbidity was also eliminated. 
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TABLE 7 
N03 FLOW RATE AS A FUNCTION fltASS LOADINGS··LINE . 
. V.l\LUES OF ALL 16 SlREAMS + 
.. ---~~~-earn~~~--:.._- r . -.-----:-J ~ B l N 
1 • . • --.6-99281-----5.831 .. 0.315--t 19 
2. .30356 810.7681 0.944 18 
3~ .19853 71.121 0.0366 22 
4. - - .41278 1 12 ·~a64.ooo1-o.3s6 1s 
5. ~39592 1 1047.86611.136 17 
s. .79458 5.407 o~asoa I 16 
7. .49595 2603.791 0.677 I 23 
8. - .33671 724.397 -0.0572 26 
9. . 72304 14·42. 397 0. 538 19 
10. .22850 151.675 0.0645 19 
11. . • 75363 1026.655 0. 201 
12. .90061 65.118 -.239 
13. .91490 575.308 1.526. 
14w .33266 24.966 0.199 
15. I .82490 255.194 1.715 
16. . 564"16 13.806 o. 522 
___ l_ 
+ All Lines Have The Equation Y=A+BX 
i6 
17 
9 
20 
22 
12 
1% significance 
Level uru . 
.647 
.662 
.608 
.694 
.677 
.694 
.596 
.564 
.647 
.647 
.694 
.677 
.• 855 
.633 
.608 
. 776 
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TABLE 8 
11TOC 11 FLO~! RATE AS A FUNCTION MASS LOADINGS-LINE 
VALUES OF ALL 16 STREAMS + 
====~-=====================================~-----
Stream Intercept Slope No. of Pts (r) value that is 
No. (ri Value ~ (A) (B) per stream equal to a 0.01 
1 eve 1 of probab. 
·-----,-·,-·--
1.. I . 90617 
£. I . s7o33 
3. • 99773 
4. 1 ~ 94206 
s. I .86262 
6.. .99563 
"~: 7. 1 . 991 04 
8. t . 94087 
9. .95932 
10. . 93949 
11. .93408 
12. .99696 
13. .98930 
14. . 99317 
15. . 97919 
16. I .soo26 
__ __j __ 
I 
l-46232.55 113.115 
1
- 2312.237 64.203 
-19663. 8i 184. 7631 
-283721.0 115.630 
-18161.46 35.798 
-2324.519 j175.151 
-3545. 121 I 97. 182 
-19992. 1 3 1 o2. 562 I 
-67897.69 45.983 I 
-6440.652 40.733 
-1551 . 766 I 33. 349 I . 
-9072.719 179.519 
-7010.734 183.983 
,-703.2837 71.997 
19 
18 
6 
13 
13 
16 
7 
15 
18 
14 
14 
9 
9 
9 
1
- 216 6 • 7 32 1 34 • 7 8 3 I 
_ !.404.464 155.373
1 
r 
_____::...__. ___ ____:_ 
5 
12 
*removed because of phosphorus mini~g 
+ l\ 11 Lines Have The: Equation Y = A+BX 
.647 
.662 
.949 
.753 
.753 
.694 
.917 
.712 
.662 
.732 
.732 
.855 
.855 
.855 
.977 
.776 
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TABLE 9 
"TP 11 - FLO~J RATES AS A FUNCTION OF MASS LOADINGS 
Stream 
No. 
1 . 
2. 
3. 
4. 
5. 
6. 
. * 7. 
8. 
9. 
10. 
11 . 
12. 
13. 
14. 
15. 
16. 
- . -
I Intercept 
( r ) Va 1 ue 1 (A) 
.90179 ~.885 
.81948 327.236 
. 94-688 102.263 
.59855 2266.553 
.69638 ... 57.542 
.90394 - 31.894 
.98739 2310.066 
.92982 542.934 
. 82667 -386.083 
.91128 34.886 
.97516 69.559 
.99135 - 12.438 
.90022 622.530 
.81375 9.696 
.98669 - 59.753 
. 63431 17.613 
Slope 
(B) 
0.557 I 0.416 
0.721 
0.950 
0.213 
0. 541 
6.090 
0.342 
0.311 
0.169 
0.149 
0.270 
1. 473 
0.346 
1. 666 
0.871 
1 
*removed· because of phosphorus mining 
·- - -----= 
No. of Pts (r) va lue that is 
per stream equal to a 0.01 
level of probab. 
19 .647 
. 18 .662 
22 .608 
17 .677 
16 .694 
16 .694 
23 .596 
26 .564 
18 . 662 
19 .647 
16 .694 
16 .694 
9 . 855 
20 .633 
21 . .620 
12 .776 
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Second Objectiv~ 
The second objective used the data that was significant at 
the 0.01 1ev~l _of probability. The l"elationship of mass loadings 
as a function of strea~ flow and drainage area was next developed. 
·To do this "VREGAN., wa~ again ·used, with all five bi-variate 
regression equations. The information from Table 8, A (intercept) 
and B {slope), \'lerc related to the drainage area for each stream 
that was used. The results \'I ere sign i f"i cant at the 0. 01 1 eve 1 of 
probabilitys except for N03, which 'IJas significant at the 0.05 
level of probability. However, the results fr·om the intercept of 
the mass loadings as a function of str·eam · flow related to drainage 
area, produced less accurate results because the level of 
probability was lower. TOC results fell within the .0.01 level of 
probability, N03 results fell within 0.05 level of probability, TP 
and OP results were near the 0.05 ievel of probability. 
The correlation coefficients are listed in Table 10 for each 
of the selected water qua.lity parameters e.nd the five types of lines 
used, as in hypothesis 1. Fror~ Table 10 it is noted that cnly 
equation 1 (y = A+BX) ~ for th~ intercept· and the ~qua tion I I 
(y = X/A+BX), for the s)ope, show the higher correlations. For this 
reason, and the fact that both can be plotted on ar. arithmetic 
paper, these were chosen as the best equations for the intercerts 
and slopes. 
t!ext it is necessary to find masc; ·loadings= lbs./day-cfs as 
a function of souare miles. This is because the slope equati r n 
. 
Pa
ra
me
te
r~
 
I 
iA
BL
E 
10
 
CO
MP
UT
ER
 R
ES
UL
TS
 F
OR
 (
 r)
 V
AL
UE
S 
CC
ft.P
AR
ED
 T
O 
EA
CH
 O
F 
TH
E 
FI
VE
 T
YP
ES
 O
F 
LI
NE
S 
FO
R 
SE
CO
ND
 O
BJ
EC
TIV
E 
I
-
-
I 
-
I 
I 
-
I 
I 
l 
I (r
) 
v
al
ue
 t
ha
t 
S t
 rea
~~: 
fl
O
\\
' I 
1 
•
 
is
 e
q u
a 
1 
to
 a
 
Li
ne
 2
 
I I I 
No
. 
o
f 
-
,-
·
 
-
+
-
-
-
NO
~ NO~
 
OP
~ 
! 
I 
'I 
•
 
p, 
l 0
. 8
02
34
 
.
47
55
1 
I .
 32
71
9 
I .
 48
17
 
.
 
OJ
 29
41
 
.
 
91
7 
P 
.
 
+
 
o1
r. 
.
.
.
 
s 
-
-
-
+-
,1 
-
-
7 
OP
 
TP
 
TP
 
TO
C 
.
 
TO
C 
B
 
1 -
0.
42
74
6 
j-.
. 
19
88
4 
.
 
-
.
22
88
5 
.
52
16
2 
I 
.
84
64
1 
.
91
7
.
 
A
 
-
0.
65
39
1 
l-
.0
13
l4
 I
 
.
10
27
7 
-
.
16
62
8 
j-.
13
02
1 
.
80
0
.
 
B
 
-
0.
39
40
8 
-
.
33
28
6 
I 
-
.
44
07
4 
ft6
03
76
 
.
83
40
8 
.
80
0 
A
 
-
0.
25
56
1 
~3
36
37
 
.
28
03
21
 
.
27
61
2 
.
23
30
4 
.
75
3 
B
 
-
0.
46
23
8 
I -.4
99
46
 
-
.
61
19
9 
.
71
61
2 
.
88
56
6 
.
75
3 
A
 
-
0.
87
82
3 
-
-
-
-
-
-
·
 
,~ 
.
 
26
73
4 
-
.
18
75
8,
 
.
 
71
2 
B
 
-
0.
30
95
3 
I 
-
-
-
.
44
06
7 
.
77
23
61
 
.
71
2 
L •
 
1 
A.•
 s'
x 
I 
.
 
3 
A"( 
,.B~
 
L..
 
5 
X 
1 n
e 
y 
:: 
+
 
,
 
_
 1 
ne
 
y 
=
 
,
;,
 1 
1 
ne
 
Y
 =
 
.
.
.
.
.
 (A-~,
.....
..B-7
-~-) 
Li
ne
 2
 
y 
=
 A1
E8
X) 
Li
ne
 4
 
y 
~ A
'+8
7x
 
.
 I I .I 
.
.
 
,
 I 
7 11
 
11
 
13
 
13
 
15
 
15
 
~~
-~
~~
~-
~~
-~
--
--
--
--
--
--
-~
--
~-
-~
~-
--
--
--
--
--
-~
~-
--
--
~-
-~
--
--
--
--
--
~-
--
--
-~
--
--
--
~-
--
~~
--
--
~-
--
--
-~
~ 
St
re
am
 f
1 
O\-
J 
Be
st
 
Pa
l"a
m
ete
r 
Re
su
1 
ts
 
Li
ne
 
ir
)v
alu
e 
In
 te
rc
e~
 t (A
') 
,
 
Sl
op
e 
B
 
NO
 
A 
1 
.
80
23
4 
-
11
4.
23
29
 
..
.
 
33
01
 
N0
3 
B 
5 
.
 
84
64
'! 
45
.4
99
7 
3.
50
88
 
OP
3 
A 
·1 
-
.
55
59
2 
14
1.
17
66
 
-
.
 
14
68
 .
 
OP
 
B 
5 
.
83
40
8 
-
15
01
.2
45
0 
6.
53
91
 
TP
 
A 
1 
.
 
25
56
~ 
14
7.
64
18
 
-
.
.
 
06
08
 
TP
 
B 
5 
.
88
56
5 
-
17
53
.3
93
0 
5.
12
59
 
TO
C 
A 
1 
-
.
87
82
3 
18
27
7.
 1
30
0 
-
30
.9
90
1 
TO
~ 
B 
5 
•
 77
 2.
36
 
4.
01
25
 
.
01
28
 
w
 
w
 
34 
is in this format and a conversion to lbs./day-cfs must be made. 
Table 11 shows an example calculated for each stream for TP. 
This information· is plotted on Figure 2 along with the slope and 
intercept from Table 10, from which lbs./day-cfs is calculated. 
This is done on Table 12. Figure 3 shows the drainage area as a 
function of lbs./day-cfs for TOC, plotted with the information 
from Table 12. By simply multiplying the data in Table 12 times 
a flow rate an amount of mass loading can be determined using: 
(C)= (365)(A) + (B')(365)(~ 
where: 
Q = average yearly flow, cfs 
A' = ~ ~ass loading in lbs./day on Table 10 
B' = lbs./day-cfs, calculated on Table 12 
C = average yearly mass loading, lb/yr 
Because mass loadings are normally in the form of yearly 
loading rates, rather than daily, the previous calculation shows 
that the function is linear for each drainage size and yearly 
mass loadings can be calculated. Again Figure 3 shows these 
yearly mass loadings. From this information the slope as a 
function of square miles, of the original data, yields lbs./year 
for an average flow and drainage size of the river. 
As noted in the p~evious calculation, the intercept line, 
that was calculated for Table 10, only has to be multiplied by 365 
days to equal lbs./year mass leadings. Because there is no flow 
. 
relationship, there is no flow multiplier. Figure 4a-4b show the 
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TABLE 11 
THE CALCULATION OF SQUARE MILES OVER LBS/DAY-cfs FOR TP 
. . -
1 2 
Stream No. I Sq. Mi 1 es- DA (B) Intercept 
1 . 
2. 
3. 
s. 
6. 
8. 
9. 
10. 
1 1 . 
12. 
13. 
14. 
15. 
1825 
1140 
582 
781 
248 
2120 
3499 
624 
3817 
700 
241 
879 
311 
. 
1 Square miles from Table 4 
2 B from Table 9 
.557 
.416 
. 721 
. 213 
.541 
. 342 
. 311 
. 169 
.149 
.270 
1.473 
. 346 
1.666 
DA/B 
3276.48 
2740.38 
807.21 
3666.67 
458.41 
6198.83 
11250.80 
3692. 31 
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2592.59 
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intercept lines$ for lbs./day as a function of square miles. It 
should be remembered that from Table 10, only TOC fell within a 
0.01 level of _pr~bability. 
From all this information, Figures 3,5,6,7 and 8 for TOC 
(small drainage areas), TOC (larger drainage al~eas), TP, OP, and 
N03 respectively are constructed. The relationships are for: 
1. Drainage area, square miles 
2. Yearly average flow, cfs 
From these two parameters the total yearly mass loadings 
can be found on Fi ~ures ·3 arid .s.~th.rough 8. 
Total Organic Carbon results showed the highest correlation, 
compar~d to N03, TP and OP. All the TOC results, for 15 streams, 
are significant at· the 0.01 level of probability. Therefore, the 
. 
. 
yearly loading diagrams, Figure 3 and 5 should be very accurate. 
TotaJ phosphorus results showed the next highest correlation, 
compared to N03 and OP. For the 13 streams that were used, all 
the results, except the intercept of mass loading as a function of 
stream flow, related to drainage area, are significant at the 0.01 
level of probability. The results of the intercept as a function 
of drainage area, is near 0.05 level of probability. For 
calculations of yearly mass loadings for drainage areas below 
330 square miles, the results of the intercept plays an important 
part in determining the mass loadings. For a drainage area of 300 
square miles with an average yearly flow of 200 cfs or greater, 
the yearly 1 oadi ng· of TP is zero.· In other words, the background 
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intercept as a function of drainage area contributes 50,000 lbs./ 
year and the stream flow as a function of drainage area contributes 
a negative 50;000 lbs./year or more. This is not reasonable 
because during the collection of the data TP was always present 
in the streams. Therefore, the yearly mass loading for TP in 
drainage areas below 330 square ~iles is not included in the 
report. However, for drainage areas above 400 square miles the 
intercept as a function of drainage area is very small compared to 
yearly mass loadings from stream flo\'1 as a function of drainage 
area. Because accuracy is at the O~Ol level of probability, TP 
yearly loading rates for drainage areas above 400 square miles is 
included a.nd should be accurate, see Figure 6. 
Orth~phosphate results were better than N03. For the 11 
streams that were used, all the results, except the intercept of 
the mass loading as a function of stream flow related to drainage 
at"'ea, are s i gni fi cant at 0. 01 1 eve 1 of probabi 1 i ty. The· results 
of the intercept as n function of drainage area, is near the 0.05 
level of probability. For calculations of yearly ma~s loadings 
for drainage areas below 20C square miles, the results are doubtful. 
For a drainage area of 150 square miles, the stream fiovJ cannot be 
greater than 300 cfs because the yearly mass loading will be less 
than zero. Therefore, this diagram is not included. For drainage 
areas above 300 square miles, the yearly loading resulting from 
the intercept as a function of drainage area, effects the final 
results. The diagram for drainage areas above 300 square miles 
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for OP is included as Figure 7. 
Nitrate results for 7 streams fel l within the 0.01 level of 
probability, ~xcept for the slope and intercept, of mass loadings 
as a function of stream fl ow , related to drainage area. The slope 
and intercept as a function of drainage area, fell wi~hin 0.05 
level of probability. For a drainage area belo\'1 400 square miles, 
the results were questionable. For a drainage area of 200 square 
miles, the average yearly f l ow rate has to be greater than 200 cfs 
or a zero mass loading for N03 will result. For this reason the 
diagram for draina~e areas below 400 square miles is not included. 
For drainage areas above 400 sq uare miles, the results are 
reasonable. The slope and int ercept of mass lcadi~gs as a function 
of stream flow related to drai na ge area, being both within the 
0.05 level of probability great ly lowers the total acr.uracy. 
However, t~e diagram for dra i nage areas above 400 square miles is 
i nc 1 u de d i n F i g u re 8. 
The degree of accuracy of each selected water quality 
paramete_r· as a relat·ionship t o average yearly stream flow and 
drainage area has been descri bed. How accurate is the data that 
was used to obtain these resul t s? All the stream flow and sel ected 
water quality parameters came from the Geologi cal Survey (4,5,6) . 
Because the data was not conti nuous over the t hree year peri od, 
twa major problems related to t he analysis of the data must be 
realized: 
1. What ·part of the stream flow hydrograph 
was the sample taken? If from the 
beginning of a storm, most likely the 
_concentrations would have been much 
higher than at the end. 
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2. The degree of accuracy of the data varied 
from 90% to less than 85%. More accurate 
data should be obtained. 
Other factors that effect the accuracy cf the data are: 
1. Different land usage 
2. Different soil types 
3. Different drainage areas 
4. Problems of the drainage area 
~- Management practices of the drainage area 
· All of these factors make the final results less accurate. 
In comparing results with Wanielista, et. al., (1), for two 
different size drainage areas in their report, TOC from this 
report, is 1.5 to 2.5 times greater, and the TP in this report, 
is 0.13 to 0.24 times less, than in their report. It should be 
noted that the two drainage areas shO\o.Jed an unusually high 
phosphate concentration. The study of Thomas and Crutchfield (19), 
in Kentucky sho~ed little relationship for nitrates correlated to 
land use or geologys and the phosphorus relationship could only 
be correlated to local geology. Han\-Jay and Laflen (20) study, in 
Iowa, showed no relationship between the amount of fertilizer 
applied and the amount of P and N being removed from the soil by 
49 
runoff, plant uptake, etc. It appears the yearly mass loading 
determined ft'Om the Figures in this )"eport are i ndi cati ve of the 
tl"ue mass loadi"ngs, for the se-·rected water quality parameter's 
for Florida. Ho'tlever·, . field data must be obtained and verified. 
Example Application 
For illustrative and comporative purposes the data from 
. 
Shingle Creek for TOC, from Wanielista, et. al., (1), will be 
compared to the results of this report. From Wanielista, et. al. 
(1), the drainage area of Shingle Creek is 180 squar~ miles. The 
rna s s 1 oa d i n g e quat i on from vJ ani e 1 i s ta , e t .· a 1 • , ( 1 ) , i s 
y = 795~ 1 + 82.09X 
where Y = 1bs/day 
X = cfs 
From the Geological Survey (6), the yearly average flow is 94.1 cfs. 
Therefor·e: 
y = 795.1 '+ 82.09{94. l) 
Y - 8519 lbs/day X 365 day/year 
6 Y = 3.1Xl0 lhs/year 
From th·i~ report 
y I = A-· + B II ( X} 
'1/here: 
Y' = lbs/day 
X = 180 square miles 
A" = 18277.13- 30.990l{X) From Tat,~e 10 
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B" = X 14--=. 0::":'"'1 ==25:--+~. 0~12~8~( X~) ) From Table 10 
y• = ( 180 18277.13 - 30.9901(180} + ( <4.0125+.0128(180})180) 
y• = -17-,828 ~~~ X 365 day/year 
yu = 6_5106 lbs yr · 
Us ·i ng Figure 3 in this 'report;· 
where: Drainage area = 180 square ·miles 
Average yearly flow rate= 94.1 cfs 
a straight line is drawn vertically at 180 square miles, until it 
tr·ansver·ses the upper and 1 ower 1 i nes. Ft .. om the upper 1 i ne a 
horizontal · line is drawn across until it transverses approximately 
the (94.1) cfs line. Then a vertical line is dr~wn down to the 
bottom of the figure. From the southeast quadrant a hor·izontai 
line is drawn across until it intersects the vertical line in the 
southwest quadrant. The point where the two ·1 i nes meet gives a 
yearly mass loading in .lbs/yr. For this example the yearly mass 
loading equals 6,500,000 lbs/ycar. The comparison shows that the 
leading for TOC is nearly twice as great as the results from 
Wanielista, et~ al. (1). 
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CHAPTER V 
SUr·1MARY AND CONCLUSIONS 
Summa~y_ 
It was determined that most of Florida streams follO'IIed an 
equation of (y = A+BX) would be the best fit for mass. loadings as 
a function of stream flow, pertaining to the five selected water 
quality parameters. This was true because the correlation 
coefficient (r) was significant at the 0.01 level of probability 
more often for this line, \A/hen related to the other four lines, 
used ir; the bi-variate regression analysis. 
Next the slopes and intercepts from the mass loadings as a 
function of st·ream flov1 were related to drainage area. The slopes 
as a function of drainage area followed the equation (y = X/(A+BX) 
an~ the intercept as a function of drainage area followed the 
. equatiot'l (y =- A+BX). The correlation coef:icient (r) was highe~ 
for these 1 i nes more often thar, the other ·1 i nes . 
. 
Turbidity pr-ove a r:ot adequate for analysis. The first 
relationship for rna:;.; loading as a function of stream flow found 
thet on iy tvJO streams out of sixteen fe 1 r wi thi r. the 0. 01 1 eve 1 of 
pt"obabi 1 i ty. For this reasotJ tvrbi di ty Wi\S extrncted from any 
further analysis. 
During the initial search for usable streams, the Peace Riv"'r 
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at Arcadia was included in the data. Wanielista, et. al., (22) 
noted no problems in this sector of Florida. However, after 
. 
examining the results of mass loading as a function of stream flow 
- . -
• 
for this river, the TP and.OP were found to be very high. This can 
be noted on Figures lb and lc. At that time it was noted that 
phosphate mining took place up stream. Because of this larger 
than normal phosphate loading in the Peace River, it was decided 
to extract it from the data for further analysis. 
Conclusions 
The final results developed a procedure fordeterminingmass 
loadings as a function of yearly average stream flow and drainage 
area. In comparing results with Wanielista, et. al., (1), for 
TOC, the results of this report were nearly twice as great. Many 
factors may be responsible for the differences, such as, land use, 
management practices and soil types. 
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